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Preface to the Series 
I! 

The RIKEN BNL Research Center (RBRC) was established in April 1997 
at Brookhaven National Laboratory. It is funded by the "Rikagaku 
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of 
Japan. The Center is dedicated to the study of strong interactions, including 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

During the first year, the Center had only a Theory Group. In  the second 
year, an Experimental Group was also established at the Center. At present, 
there are three Fellows and seven Research Associates in these two groups. 
During the third year, we started a new Tenure Track Strong Interaction 
Theory RHIC Physics Fellow Program, with six positions in the first academic 
year, 1999-2000. This program had increased to include ten theorists and one 
experimentalist in academic year, 2001-2002. With five fellows having already 
graduated, the program presently has ten theorists and two experimentalists. 
Five of the ten RHIC Physics Fellows have been awarded/offered tenured 
positions, and this will be their final year in the program. 

Beginning in 2001 a new RIKEN Spin Program (RSP) category was 
implemented at RBRC, presently comprising six RSP Researchers, and six RSP 
Research Associates. In addition, RBRC has four RIKEN Jr. Research 
Associates and one RBRC Young Researcher. A number of Visiting Scientists 
also contribute to the physics program at the Center. 

RBRC also has an active workshop program on strong interaction physics 
with each workshop focused on a specific physics problem. Each workshop 
speaker is encouraged to select a few of the most important transparencies from 
his or her presentation, accompanied by a page of explanation. This material is 
collected at the end of the workshop by the organizer to form proceedings, 
which can therefore be available within a short time. To date there are fifty- 
eight proceeding volumes available. 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCD, begun at the Center on February 19,1998, was completed on August 28, 
1998. A 10 teraflops QCDOC computer in under development and expected to 
be completed in JFY 2004. 

N. P. Samios, Director 
November 2003 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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RHIC Working Point 

Wolfram Fischer 
and 

Rogelio Tomas 

BROOKHAUEN 
NAT I 0 WA'L LA €3 0 R A T 0  RY 
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Working Point 

Working Point 
= choice of transverse oscillation fi-equencies 
+ Need to minimize effect of resonances 
Resonances are driven by 
- Non-linear magnetic fields in triplets 

(single beam, independent of intensity) 

- Beam-beam interaction 
(two beams, dependent of intensity) 

Collider should run dominated by beam-beam 
- Can correct triplet errors 
- Cannot compensate beam-beam 
+ Need to correct triplet errors first 

(IR Correction Task Force) 
Wolfram Fischer BROOKH~VEN 2 
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Working Point 

w 

Triplet error correction 
- Low order errors (octupole and sextupole) 

can be corrected with beam measurements 
+ Technique commissioned last Run (F. Pilat), 

work not yet finished 
- High order errors (12-poles) correction better 

based on magnet measurements 
+ Robust correction being develop (Y. Luo) 

calculation 
+ Being developed (R. Tomas), 

- Need better machine model for corrector 

DX, DO, splits, end effects, data base driven 
9 Goal: Finish IR correction by end of Run-4 

Wolfram Fischer BROOK~~UEN 3 
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Quest for a new working point - status report 

Contents 

e Background measurements vs. Dynamic 
Aperture 

e Beam Beam effect on Dynamic Aperture 

e Possible working points 

e IR Task Force preliminary study 

Spin Collaboration meeting R. Tom& 
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Background measurements 

dAu, January 2003 
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Background measurements vs. BA 
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dAu, January 2003 
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T h e  model contains beam-beam, triplet er- 
rors, 5% 0 low frequency orbit modulation, and 
power supply ripples (no correctors). 

Spin Collaboration meeting R. Tomas 
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Problem: Beam-Beam does not dominate 
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Next year lattice - D A  
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+IR non-linear correction is needed 

Spin Col I a bora t ion meeti n g R. Tomas 

5 

9 



Possible working points - 113535 
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SPS working point seems a good candidate 
(ISR w.p.= 0.95 will be considered too) 

Spin Collaboration meeting R. Tom% 
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IW Task Force preliminary study 

Improvement of the model by a simple slicing 
of the triplet quadrupoles leads to  changes: 
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A more refined model of the  IR non-linearities 
is needed and is presently under construction. 
Spin Collaboration meeting R. Tomas 
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Summary , 

0 Simulations and observations show limited 
agreement 

0 Beam Beam does not dominate in simula- 
tions 

~~ 

0 DA could be enlarged in two ways: 

- by non-linear correction in the  IRs 

- by changing the tunes to  SPS ones, z 0.6 
(ISR tunes, 
eration too). 

0.95, need further consid- 

Spin Collaboration meeting R. Tomas 
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+ Improved model under construction 
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Helical Dipole Partial Snake for AGS 

Junpei Takano / TITech 
Masahiro Okamura / RIKEN 
Koji Takano / Takano Original Magnet CO. LTD. 

Design study 
Optimization 
Fabrication 

*Future plan 
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Design study 
Cross section of helical coil 
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Cross section of coil flow 

Cross section of slow pitch at XY plane 

Shape of helical coil is larger than normal window frame type coil. 
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Desiew studv 
1/5 model of the helical coil 

This model is constructed to verify processes of assembling the magnet. 
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Design study 
Property of the helical magnet 

Water pressure 

Temperature rise 

Current 

Required property Designed property 

200-250 [PSI] 

17 [degree C] 

3000 [A] 2671.429 [A] 

21 3.5 [PSI] (4 5kghm2) 

14.97 [degree C] 

Voltage 

Power 

Ramp rate 

Duty factor 

Weight 1 18000 [kg] 1 15000 [kg] 

~~ 

300 [VI 237.44 &] 
900 [kW] 634.3 [kW] 

0.5 [sec] 0.5 [sec] 

100 [%I 100 [%I 
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Optimization of helical pitch 
Example of beam trajectory 

dx 

beam trajectory of x vs. y beam trajectory of  z vs. x, y 

If dx and dy = 0 then the beam trajectory will be closed. 



Optimization of helical pitch 

~~ 

pattern 1 (ref.) 
pattern2 

The table of dx and dy when changing the parameter (L2, P2) 

1 3 0 200 -3.158 0.48 1 
130 240 -9.881 (-) 1.682 (+) 

pattern3 125 200 1-4.564 (-) I 0.133 (-) 

1.8 

1.6 - - 
1.4 

1.2 

1 .o 

0.8 

0.6 

0.4 

0.2 

0.0 

6 

-> 

Matrix for dx, dy = 0 

Solving this matrix, 
L2 = 131.8371575 
P2 = 183.7732405 

-10 -9 -8 -7 -6 -5 -4 -3 

dx 
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Fabrication 
Under construction 

w 
0 

Upper side lamination is complete 
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Future plan 

High order magnetic field measurement of this helical magnet 
will be done at magnet division. 

Cross checking the simulation and measurement data. 

Adjusting the magnetic field based on the measurement data 
before install to beam line. 

\1 

After installation, the experiment for the effect of this helical magnet will be done. 
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Future plan 
Operation pattern 

Red snake Blue snake 
On Off normal operation before installing the blue snake 
Off On new operation after blue snake is set up 
On On the pattern we can run before removing the red snake 

After super conductor partial snake is completed, 
we can have more combination operating pattern. 



2 .Pa?tial Siberian Snakes in AGS 
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Spin tune measurement 

. Method 2: measure the amplitude of the coherent precession of the horizontal 

component. The spin tune is then given by 

. This requires a modification of the existing polarimeter so that one can 
measure the turn by turn horizontal component. In principle, this is achivable 
using CNI as well as STAR polarimeter, according to Gerry and Les. 

. However, the accuracy of this measurement highly depends on how close the 
driving frequency is to the intrinsic spin precession frequency. To achive an 
accuracy of 0.001, a - 1 .O% error bar on Px is required assuming the total 
polarization is about 50% and delta is about 0.01. 

provided the total polarization is 50%. 
. According to Gerry and HH, a 200 sec will yield a 2% Px measurement 

. Method 3: measure Py while sweeping the spin flipper frequency. 



Polarization reversal 

F-S forrnula 

P,= P ( 2 e  i * *  01) 

. Assume total n times spin flipping are performed, let q be the effciency of each 

spin flipping. The polarization at the end of the nth spin flipping 

is then Pf=Piqn. To achieve P? 0.90 

. Say n=20, q > 0.995, with E. = 4.6x10m4, one needs to sweep the spin flipper tune 
in 

0.02 in 57379 revolution turns. 



Polarization reversal commissioning 
. Three sets of measurements: 

. a) measure the spin flipping efficiency vs. flipper strength. The flipper 

. frequency sweep range as well as the spin tune remain constant. 

. b) measure the spin flipping efficiency vs. flipper frequency sweep range 

. 

. c) repeat b) with different spin tune. 

. with the current snake power supplies, we are able to move the spin tune 

. to 0.45 the outer current of one snake should be 94A1nps and the inner 

. current should be 294.54Amps. The nominal current setting for the snake 

. is (inner,outer)=(326.23,100). It takes about 2 minutes to ramp the snake 

. current from 326.23 to 294.54. 

3 with fixed flipper strength as well as the spin tune. 



Status of PLL 

P. Cameron, BNL 

for 
RHIC Spin Collaboration Meeting XX 

November 18,2003 
RIKEN BNL Research Center 
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AGS Polarization 
Comments from the 2003 Run 

L. h e n s ,  BNL 

for 
RHIC Spin Collaboration Meeting XX 

November 18,2003 
RIKEN BNL Research Center 
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Polarized Proton Ramps 

8 

Johannes van Zeijts 
CADIAP 



Outline 

FY03 ramp as designed 

FY03 

FY04 

ramp optics analyzed 

proton ramp issues 



n
 E 

2 cc) 
0
 

0
 
c
 

8 m
 
I
 

............................ 

...................... 
:.,. ..................... 

....................................... 

...... i
 .... ..L_. ................... 

0
 

0
 

0
 

N
 

F1 
1 

I 
1 

I 

....................... 
.... 

................. ....................... 
.

.
 .

:
.

.
 

i ! 
......................... 

.. 
i 

.i 

.
.

 
.

.
.

.
 

.
.

 
:
 

........ ..,..I .......................... 
...... .- .... 

.
.

.
 

I 
I 

I 

(9
 

.
.

 
.............. :... .......................... 

j
.

 

.
!

 

0
 

-
0

 
M

 

0
 

-8 

0
 

-E
 

-
0

 

65 



€4'0 
66 



Quadrupole Transfer Functions 

0 13cm quadrupoles: Q 1/2/3 
- dT/T = 0.0028 

. 8cm quadrupoles 
- dT/T = -0.0026 





Lattice Functions at Store 
. .  ..................... ........ ...,.. ............................. 
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Beta* at Store 

4 
0 

0 Not quite as designed: 

- STAR lm -> 0.93/0.86 (B) , 1.23/0.91 (Y) 
- Phenix lm -> 1.22/0.89 (B), 1.41/0.91 (Y) 
- Phobos 3m -> 2.96/2.51 (B), 2.30/2.51 (Y) 
- Brahrns 3m-> 2.81/3,33 (B), 3.06/3.62 (Y) 

0 Effect on Luminosity 

- 6/8 = 1.12, observed ratio = 1.14 
- 8/10 = 2.36, observed ratio = 2.3 



Proton Ramp Issues 

. 'Regular' ramp issues 
- Minus transition 

. Add path length changes from snakehotaters 

0 With new TF knowledge (to be confirmed..) 
- Can just squeeze on ramp 

0 How do we want to handle the rotators? 

- Too much time wasted (20 min.) at store 

- Always on at full field? 
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I Update on the H-Jet 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

High frequency transitions installed and tested. 

Holding field magnet powered up. 

Running under PLC control. 

Modifications to the IR completed. 

Moved the jet to the IR. 

Water cooling system completed. 

Jet systems running in the IR. 

Started to monitor the jet through the VME crate. 

Results of the Safety Review. 

Next steps. 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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The Jet I 

BRP detector 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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Achieving polarized atoms in the Jet I 

Hyperfine structure of hydrogen in an external magnetic field. 

ms m, 
+112 +112 
+1/2 -112 

-112 -112 
-112 +112 

with 8 = arctan BC 

Bc = 0.507 kGauss 

1 1 

L L 

1 1  
2 

- sin81 + -, ---) 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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I Achieving polarized atoms in the Jet I 
Calculation of the nuclear polarization: 
P z = n l - n ~ + ( n ~ - n ~ ) c o s 2 0  

tLN 1 

0.5 

0 

-0.5 

-1 , 
10 -2 10 -’ 1 

0 

0 

0 

B I B, 

Focussing atoms with electron spin ++ into the target region 
while defocussing atoms with electron spin -+ by 2 sets of sex- 
tupole magnets using the Stern-Gerlach effect 
Exchange of occupation numbers of states 11) and 13) 
(12) and 14)) with the WFT (SFT) to obtain a negative (positive) 
nuclear polarization. 
+ 95% (96%) maximal polarization at 1 kGauss (1.2 kGauss) hol- 
ding field. 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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1 High frequency transitions and holding field magnet I 

(8) Static magnetic field 

BYt 

6 

a 

a 

a 

a 

a 

High frequency transitions installed in a shielding box to reduce 
z-field in the transition region. 
Insialled water cooling to remove the heat from the coils. 
Measured efficiencies of all transitions to be > 99.5%. 
Inslalled 2 beam blockers to remove states 13) and 14) and 
molecules completely from the BRP beam. 
Main holding field magnet powered up without problems. No 
polarization losses due to non adiabatic conditions of the field. 
+ > 94.5 % (95.5 %) polarization at 1 kGauss (1 2 kGauss) field, 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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0 

0 

0 

0 

0 

Setup of a PLC system to completely interlock the Jet. 
Hardware now protected in case of failures (power, water, 
comp. air ..J, 
PLC can be monitored and controlled by a PC. 
Additional interlocks for power supplies of holding field ma- 
gnet, HFT coils and HFT RF (temperature, cooling water, vacu- 
um). 
Readout of vacuum gauges, water flow meters, valve und for- 
pump status via ADC of PLC. 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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I Modifications and moving to the IR I 
Crane installed and tested in the IR. 
Rails mounted on the floor. 
Cable trays installed from the service building to the IR. 
Cables pulled and terminated for the whole system. 

Moving started October 9th by splitting the jet in 3 parts: 
1. ABS stage (3 upper chambers) 
2. RHlC and BRP stage (6 chambers) 
3. Racks 
Riggers moved all 3 parts out of Bldg. 930 to Bldg. 1012. 
Items 1 and 2 -J IR, 3 + service building. 
Moved part 1 ontop of the rails with the crane. 
Moved part 2 ontop of 1 using a forklift (only this time, modifi- 

0 Beamline not in place. 
Connected cables between Jet and racks. 

cations on the crane in progress). 

0 --i whole moving will need 1 day of RHlC down. 
+ an additional day for leak checking. 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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Water cooling system - 

Heat exchange system located in the service building. 
Water lines running to the IR as well as to the racks. 
Cooling needed for the holding field magnet, the turbo 
pumps, the RF-coils, the nozzle cold head compressor and the 
RF-amplifier for the dissociator. 
Additional chiller in the IR for the dissociator tube cooling. 
Closed cycle system using tap water for heat exchange at the 
moment. 
Filters installed to clean up the system to prevent blocking of 

Decision to use cooling tower or chiller for heat exchange will 
the small conductance holding field magnet lines. 

follow. 

Alexander Nass, Brookhaven National Laboratory 
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1 Jet running in the IR . I 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

After fixing some leaks start of all pumps. Pressures achieved = 
lo-' Torr without hydrogen beam (chamber in RHlC vacuum 
7 lo-' Torr without RHlC pumps running). 
Dissociator was running but intensity droped after some hours 
running. 
Exchange of the glass tube (2 mm thickness + 1 mm thickness) 
+ stable operation at a high intensity level. 
Running the high frequency transitions without any big pro- 
blems. Stable operation and high polarization. 
Holding field magnet powered up and running without pro- 
blems (up to 1.2 kGauss). 
No problems found when running all devices with the 50 m 
cables instead of the short cables before. 
Replaced (50 m) BRP gauge cable with shielded one and im- 
proved power supply to increase the signal to noise ratio. 

Now testing for long term stability. 
Started to monitor the jet via VME crate. 
Using 'pet' pages and archiving to monitor the different para- 
meters. 
Cabling on the way to fully monitor and digitally control the 
jet. 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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0 

0 

0 

0 

0 

0 

0 

0 

I Next Steps I 
When vacuum established in the beam lines adjoining the jet, 
--i open the vacuum valves and measure the true jet beam 
gas load. 
Control the power supplies through the VME crate and PET 
control. 
Some minor things to fix after Safely Review Committee review 
and initial walkthrough. 
Move out of the IR on November 20th with beamline in place. 
Move back to Bldg. 930 and continue long term stability tests 
as well as controll and measurement of the polarization via 
VME. 
Focus on preparations to install the silicon detectors on the jet 
(flanges, collimators, etc.). 
Developing and constructing the HS (HI, HzO) monitor 
Check alignment of the whole system. 

Alexander Nass, Brookhaven National Laboratory 17. November 2003 
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RHIC Polarimeter Stratus 

H. Huang, BNL 

for 
RHIC Spin Collaboration Meeting XX 

November 18,2003 
RIKEN BNL Research Center 

87 



RHIC Polarimeter Status 
All targets and Si detectors have been installed at the end of 
October. The targets survived the vacuum pump down. All Si 
detectors show reasonable signals from the Am source. 
The 90 degree Si detectors are in parallel with beam direction now: 
no angle information available anymore and distribute the events 
originally at central strip. 
All electronics boards are out to test the oscillation problem. They 
will be put back before pp run. 
All electronics will be moved into the jet target control hut to share 
electronics with jet target and convenient for control purpose. 
Need a fast turn around time for the coming run. We estimate that a 

- 

12 hours dedicated time (spread over days) is needed for . 
polarimeter commissioning. Expect the polarimeter to be ready 
within the first week. 

1 1/18/2003 Haixin Huang 1 
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AGS Polarimeter Modification 

0 

0 

z 
0 

0 

0 

0 

0 

If don’t care of measuring time, we can always reduce the target-in 
time to meet the DAQ constraint. For the oscillation problem, we 
can raise the t value (with lower AN). 
Reduce target width by a factor 2.250-300 pm target. Delivery 
schedule is under discussion. 
Increase distance by 1.3. Add spacer to increase distance between 
target and Si detector &om 25 cm to 33 cm. 
Put two Si detectors in one flange. Flange design is almost done. 
New shaper board is in design stage and should be ready by Feb. 
Install peltier cooler to extend lifetime of the detector. 
Faster DAQ using USB 2.0 CAMAC controller (increase speed by 
about 4 times). 
Continue testing narrower target while modify motor running 
profile to smooth out target motion as much as we can. 

1 1 /18/2003 Haixin Huang 4 



AGS Polarimeter Modification (2) 
Acceptance increase by 2(# of Si detectors)/l.3(distance 
increase)=l.6 
Target width reduces by %. 
Increase bunch intensity by (2*lO1l /0.6*1011)=3.3. 
The event rate will be higher than last year by about 2.5 
times and reduce measurement time from 10 min. to 4 
minutes. This will be within the new DAQ system 
capability . 
For 6 bunch running mode, the event rate will be higher 
and may require further upgrade on DAQ system. 

1 1/18/2003 Haixin Huang 5 
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New theory studies for 

pp scattering 

Werner Vogelsang 

RIKEN-BNL Research Center / BNL Nuclear Theory 

RSC meeting, BNL, November 18, 2003 



Outline : 

Near-term prospects for measuring Lhg a t  RHlC 

* high-pT j e t  / hadron production 

* sign of Ag 3 

0 Single transverse-spin asymmetries 



Near-term prospects for measuring Ag 
- High-pT jets and hadrons - 



P 

P 

2 

0 nucleon spin structure 

0 for hadrons : fragmentation functions - efe- annihilation 



k a NLO = state of the art 

LO NLO 

a lowest order : good for qualitative descriptions 

w however, precise predictions afford higher-order NLO calculations : 
may be sizeable, in particular in polarized case 

reduction in scale dependence 

d 
PGdophys 0 

# O  in truncated perturbation theory 

NLO corrections now known for all relwant reactions 
Gordon,WV: Contogouris et al.; de Florian,Frixione, Signer,WV; Stratmann,Bojak; 
de Florian; Jager,Schafer,Stratmann,WV; . . . 



0 j e t  and hadron caclulations share many features 

0 however : 

0 final-state singularities . 

. . .  cancel for jets 

m m m  imply additional non-perturbative input for incl. hadrons 

-+ fragmentation functions 
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Unpolarized cross section 
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10 

A WA70 ds=23 .O 'GeV 

A UA6 ds=24.3 GeV 
E706 4s=3 1.6 GeV 

NA24 ds=23.8 GeV . no production 
by proton beams 

0 E706 ds=38.8 GeV . R806 ds=30.6 GeV * R806 ds=44.8 GeV 

NLO Theory 

CTEQ4M parton distributions 
Stat and sys uncertainties combined 

P=P+ 

0.2 0.3 0.4 0.5 

Apanasevich e t  al. (see atso : Aurenche e t  at.) 
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0 contributions by partonic scatterings : je ts  

1 .o 
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NLO pQCD calc. - KKP F.F. I.= Kretzer F.F. 

Nor mal izat ion 

10 
I d(pr)= 1.4 1.6 1.8 

-(pT) = 2.3 2.8 3.0 3.4 I GeVlc--(r\)F3.3 
2.1 GeVIc -- (q)=3.8 

25 30 35 40 45 50 55 60 65 
E n; (GeV) 



CL 

h, 
0 

a average x and x in forward region : 

1 

0 . 8  

0 . 6  

0 . 4  

0 . 2  

Kretzer 

I I I I 
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- e++ - 8+- 
&,L = e++ + e+- 0 partonic subprocess asymmetries 

0.75 

0.5 

0.25 

-0.8 -0.4 0 0.4 0.8 

cos 8 

0 gg -+ qij has negative &LL 

however, 160 x &gg+4q (a t  ij = 0 )  
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e the polarized gluon that minimizes AEL : 
0.2 I I I I I I I I I  I I I I 1 1 1 1  I I I I I I l l  

-0.1 t- I I I I 1 1 1 1  I I I I I I I I  I I I I 1 1 1 1  

10 -3 10 -2 10 -l X 1 

e a node - helps by allowing Ag(x,) x Ag(xb) < ’  0 

e a full “global analysis” confirms : 

pQCD a t  leading power predicts that a negative ALL is small 
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positive Ag: A;; > AfL 
negative Ag: A;; < AcL 

0.1 

0.08 

0.06 

0.04 

0.02 

.................. * ....... .................... * ..... ... 0 

positive Ag: A;; < AfL 
negative Ag: A;; > AfL 

I , , ,  I ,  , I , ,  

A";. - - 
NLO 

- Ag=g input - 

- - 

- - 

.........- -. ... .... . . 
1 1 1 1  1 1 1 , 1 1 1 1 1  

5 10 pT[GeV] 15 0 5 

. only at p~ > 5 GeV, good 
statistics required 



Single-transverse spin asymmetry AN 



correlation - i s”T (@beam x i-2 
* 

* 

n w w 

large A N  seen in fixed-target experiments a t  

B N L I AN L I Fer m i I a b , Ser pu k hov 

E704 (’96) : 

40 - 

30 - 7c+ 
E- 

n 2o 10 l 
-10 1 
-30 -20 1 T 

+ 
-40 + 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

X F  

e AN is power-suppressed as l/pT. 

40 1 I 

I c..--l 

-20 

-30 

-40 

. . .  

t * I - 
- w .. 

I. 

l , l , l , l , l , ~ , ~ ,  

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 

P T  (GeV/c) 
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0 AN for a single-inclusive observable : 

* interpretation complicated : Sivers vs Collins vs Qiu/Sterman,Koike 

* p t p  -+ yx, pTp -+ p+p-x ,  p t p  -+jetX . . . 

* factorization wi.th k l  an assumption 

CII 0 there -is a class of observables that depend directly on a measured k~ : 
w 
Q\ 

* azimuthal asymmetries in epT --+ e’nX 

* azimuthal asymmetries in e+e- -+ m X  

* p t p  scattering 

0 for these, effects are not power-suppressed, 
and more experience with factorization is available 
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What’s a similar observable in p p  ? 

e example : near back-to-back jets in p t p  -+ j e t j e t  X Boer, WV 
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0 Sivers type correlation : 

0 leads to  spin asymmetry 

--a ( l -COS(Aq5))  oc sin(A4) e 

0 use parameters of Anselmino, D'Alesio, Murgia 

very sensitive to  gluon Sivers function 

0 future : perturbative tail, Sudakov effects 
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Conclusions : 

0 a lot can be learned from jets and hadrons 

e sign of Ag from forward region ? 

w 0 most theoretical tools in place - some challenges remain 
P 
d\ 

A N  

e look for l / p ~  behavior of p t p  -+ nX 

0 large potential for back-to-back observables 



0 physics importance of Sivers function : 

* interference of Jz  = +z P and Jz  _. - -1- 2 amplitudes 
-+ orbital angular momentum 

+ m+ 
c 
P 
4 

* universality ? 

f,lTIDY = -fL 1T I DIS Collins; Brodsky, Hwang,Schmidt; 

Belitsky, Ji,Yuan; Boer, Mulders, Pijlman; Anselmino, D'Alesio, Murgia 
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Method of accuracy estimation 
Cross-check by ZDCLL1 trigger 

(Zero Degree Calorimeter) 
- low background (- 
- statistics: moderate (- 3% of BBCLL1) 

N(ZDCLLl)/N(BBCLLl) must be constant 
Crossing -b y -cro ssing , fill-by - fill ratio calculation 

CL v, h) 

Blue: 

3 We have all spin combinations in each fill 

+ - + - d- - + --.... 
v ~~~ 4- -+.* --- -- + -b .- I”...’. 

e a + *  b 

GLlp scaler counts both BBCLL1 and ZDCLL1 
for each crossing 

0 Required accuracy: constant to level for each fill. 
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Possible explanation - detector acceptance 

Extreme cases 
- Flat acceptance + N: area 
- Narrow acceptance + N: height 

95 - 
m 

350 

300 

250 
m 
c, 
$4 200 
3 
0 
0 150 

100 

50 

0 50 100 150 200 
0 
-200 -150 -100 -50 

BBC Z vertex (cm) 

ZDCLL1: Z-vertex resolution - 20 cm (wider acceptance) 
0 BBCLL1: - 5 ern (narrower) 

(both have Z-vertex cut at t 3 0  cm) 
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Actual vertex width is not yet available in most runs 
(will come soon) 

* Alternative width estimation + use ZDCout/ZDCin ratio 
- ZDCin: ZDCLL1 counts with Z-vertex cut of 30 cm 
- ZDCout: ZDCLL1 outside of ZDCin. 

+ wider vertex distribution c3. larger ratio 
(both are counted crossing-by-crossing) 



Actual accuracy estimation 
-- Bunch fitting 

Crossing-by-crossing analysis, taking care of possible 
effect of ALL in BBC and ZDC 
For i-th crossing, calculate 

corrected for vertex width 
0 Fit r(i) by 

r( i) = C [ 1 +ALLBBC/ZDCPB( i)Py( i)] 
fit parameter: C, A L L  BBC/ZDC 

You will get C, ALLBBCIZDC, their errors, and x2 
- accuracy is obtained as SALL BBC’ZDC (x P,p,) 
- x 2  gives a good check for systematic errors. 
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x2 vs stat. error - after correction 

Ccl 

9 
3 

- tbad fill 
\ I 

4- 
- 

3 -  

m 
M 

SIC 

31c H€ I 
L 

2- 

I- 

- 

- 
1 1 1 1  I l l 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1  

X2/dOf = 1 +(osysJos,,)2 
Osyst = 0.001 

I 
Y m 

R 

correlation 
is weak, but 
still some 
systematic 
effect remains 

CP u-2 

statistical error (SA,, oStat) 



Systematic error seen 3 x2 correction required 
If f/dof is larger than 1, then enlarge statistical error 
by sqrt(x2/dof) - conservative correction 
Averaged result: ALL BBC/ZDC = (1.8 t. 1 .S) x 
(without vertex width correction, 6AL- is -2 larger) 
This corresponds to relative luminosity accuracy of 
&R = 2.5 x 10-4 
-.) Achieved the goal 

+ we can use both for reference of ALL = 0 
0 ZDC-BBC ALL is 0 consistent 



Some notes 
We reached 6AL- BBC/ZDC=1 8 x 10-3 
- this is dominated by statistics of ZDC, so it’s 

- actual relative luminosity is given by BBC 
In no analysis, vertex position dependence of 
acceptance is the same as BBCLL1 because 

rather conservative estimation 

BBC hits are required in the analysis 
w 

PHENIX central arm acceptance is almost flat 
for no within the region we are using (t 30 cm) 



Remaining tasks f ~ r  rel. luminosity 
0 Apply offline Z-vertex cut 

= better resolution: - 5 cm + - 2 cm 
(effect is found to be small) 

Full accuracy estimation using real vertex distribution. 
- correction for other than vertex width? 

0 Study effect of multiple collisions 
- negligible in Run3, significant for higher luminosity. 

0 Z-vertex dependence of acceptance (efficiency) 
for BBCEEZ , 16 and other reaction channels. 
- reaction channel specific relative luminosity. 
- BBCLL1 itself is almost perfect for no case, 

but may be not for other channels. 



Vertex distribution (BBCLL 1) 
\ / 

bunch000 
Nent = 153 
Mean =0.7424 

m 
I 

0 
-60 -40 

accept 

I l i l 1 1 1 1 1 1  

-20 0 20 

[RMS = I  

reject 

40 60 

.05 I 

offline Zvertex [cm] 

changes rel. lumi. by < 0.04% per fill (negligible) 
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Spin Longitudinal Component 
2 2 

' L  = d % y  'T = J'T-wrtical + 'T-radial 

S, is measured with PHENIX Local Polarimeter 



no counting 

Data collected with high pT photon trigger 
Based on EMCal; Threshold -1.4 GeV/c 
Rejection factor - 1 10 
Analyzed data sample: 42.7M events (4.215 pb-l) 

sqrt(<P,P,>)-26% 

Minimum Bias data 
To obtain “unbiased” a&O cmss section at low pT 
For high pT photon trigger efficiency study 



no reconstruction for A,, 

BOOD 

7000 

6008 

moa 
4500 

3Q0Q 

2000 

1000 

n 
"# 0.1 0.2 0.3 0.4 R.5 0.6 0.7 0.8 0.9 1 

Results obtained for four 
pt bins from 1 to 5 GeV/c 

Pi0 peak width vanes 
from 12 to 9.5 MeV/c2 
from lowest to highest pt 

.I 

Background contribution 
under pi0 peak for 225 

8000 MeV/c2 mass cut varies 

4-5 GeVIc 
Bckgr=5% 

from 45% to 5% from 
lowest to highest pt bins 2DD0 " u I L  '0 0.1 Q.2 0.3 0.4 0.5 9.6 0.7 0.8 0.9 1 

I, (GeV!c2] 
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statistical error estimation 

I O '  

0 1 2  3 4 S 6 7 8 9 10 

k 

h *b&2 

Pt N X O  *EO NE, Nbckl 
GeV/c 1 5 MeV/c2 25 MeV/c2 35 MeV/c2 

1-2 1.134 1.220 1.302 1.360 

2-3 1.047 1.08 1 1.114 -1.178 

3-4 1.01 5 1,026 1.037 1.101 
4-5 1.008 1.01 5 1.021 1.059 

0 1 2  3 4 S 6 7 8 9 I O  

k 

Nbck2 

1.708 

1.406 

1.222 
1.162 . 

In multi-no events: 
d 4 0  =t$xv+<k>2d 4, =<k2>xV 

2 Comparison to naive approach: ONE,, = N,, 

< k 2 > N ,  - - < k 2 >  
N E 0  < k >  = 

Fluctuation enhancement (squared) due to multi-particle events 



A,, measurements 

++ same helicity 
+- opposite helic ity 

Procedure 
1. Collect N and L for $-t- and +- configurations (sum QVCX d l  

crossings) and calculate ALL for each fill 
2. Average ALL over fills; use x2/raDF to control fit quality; use 

“bunch shuffling” to check syst. errors 



A L L  Calculations 

3-4 GeV/c 
ALL= -0.2%*3.3% 
X2/ndf = 49/48 

4-5 GeVIc . 
3 

4 ALL= -2.3%*7.4% 
a f 1 X2/ndf = 39/48 
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Summary 
Relative luminosity - systematics is mostly due to 
crossing by crossing variation of Z-vertex width 
and acceptance difference + correction applied 
Relative luminosity accuracy 
8ALL = 1.8 x 10m3 achieved 

0 Relative luminosity is reaction channel dependent 
- For no analysis, BBCLL1 is good enough. 
Preliminary result for no A L L  obtained 

c-r 

4 Q\ 

Various null tests - all OK 
statistical and systematic errors are well studied. 
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Bea m-Bea m Counters 
- ~ ~ ~ ~ ~ j l l a t o r  annulus installed around the beam pipe, on the east and west poletips of STAR magnet 
at =t3,74rn from f R  for deteCtiun of charued r3articles in f ~ ~ ~ r d  recrion 2 e fq 1 c 5 

SEAR BeamBoam Counter Schematic Small ~~~~~~~~1 annulus: 

+ --e%- 

A coincidence condition between BBC East and West - 
suppresses beam-gas background and used for: 

-  ye^ l u ~ i ~ ~ ~ ~ ~  ~~~~~~e~~~~~ 
- Iaml ~ u l ~ ~ ~ ~ e ~ ~ ~  

triggering in pp ~ ~ ~ ~ i ~ u ~  bias, jet triggers), 

ADC (PNT Sum) 
Entries 4114 
Maw 99S3 

10 

- Van der Meer Scans at  RHIC ( Run2 and Run3 data) 1 

are consistent with Geant ~ i ~ ~ l ~ t i ~ n s  for STAR 
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Relative Luminosity - Systematics 
Beam-Gas Backwound Contribution 

Y 

if R(true)= 1 then R(BBC)= R(true) 

A A  simple mathAA = -+Bgx L++ 
L+- 

n 

1 
c.r 
00 
P 

0 Blue beam-gas bg I 
1 1 

1 1 
1 1 

c c 
c * a  a 
1 1  

1 * 

M 138 

11 

Run# 

Contribution to systematic uncertainty on R 8 R(sys) - 0.004 x 0.2 N 8 x 10-4 
ust correct for background 

Joanna Kiryluk' 



Summary 
I, 

2. 

3. 

Single transverse spin asymmetry measured with the Beam Beam 
Counters in 2003 were found to be AN(BBC)=0.O066(8) using 
A,(CNI)=O.O118( IO) from CNI online analysis. Systematic studies in progress. 

The BBC was used to tune spin rotators needed to get longitudinally 
polarized beams at  STAR I P  and to monitor on-line transverse and radial beam 
polarization components. They are found to be small: Prad(vert) C 3%. 

The BBC in STAR is a good luminosity monitoring detector. The relative 
luminosity is known at the level of N 3 xlO-3 

- (conservative) systematic uncertainty (BBC and ZDC comparison) - 3 x IO- 

= statistical unceeainw: 18-4 -PO -3 

This needs further studies (background contribution) 

Joanna Kiryluk 
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CI 
00 
00 

pp Longitudinal Data Set 
May 16= May 30 2003 

Ave Polarization I Beam'~0.25 
RHIC Delivered Integrated Luminosity - 420 nb-I 
Full STAR Detectors Sampled - 330 nbl 
Recorded Luminosity - 180 nb-I 
Barrel EMC Covers 
0 4  in Eta and the Full Azimuth 

High Tower Trigger 
- Requires Single Tower ADC>287 (ET - > 2.4 GeV) 

Jet Patch Trigger 
- Requires Patch of 1x1 (q ,@) E, > 5 GeV 



For this Analysis, Jets are defined as a ~ r ~ ~ p i ~ g  of one 
or rnure (charged) Tracks measured in the TPC and satisfying 

* Using an Iterative, Midpoint, Cone A l ~ o r i t ~  
* Cone Angle = 0.7 in eta-phi 
* Seed Energy = O S  GeV 
* pT Track > 0.1 GeV 

M 

cx, 
*c 

* Track Range = +fa 1.6 
= pT Je t>5  GeV 





Longitu inai Spin Asyrnrn~~r~es. 

A Y  - R ,  *N- 

Rk = L ' I L -  R ,  = L,++ / L +  
~ € Q ~ ~ ~ ~ ~  1 u mi nasi ty ratios to 

be measured much more 
~ c ~ ~ r ~ ~ e ~ y  than desired 
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